Abstract The concentrations of mercury (Hg) and methyl mercury (MeHg) in sediment and tissues of Barbus grypus and Barbus esocinus fish species from Musa estuary, north part of the Persian Gulf, were measured. The order of Hg and MeHg concentrations in the sediment and tissues of the fish species was as follows: liver [ gill [ muscle [ sediment. In the tissues of two fish species, the Hg and MeHg concentrations were highest in liver whereas lowest in the muscle. In the sediment, mean concentrations of Hg and MeHg were 0.83 and 0.437 lg g -1 . Mean concentrations of Hg and MeHg in B. grypus were 1.2-0.624 lg g -1 and in all tissues of B. esocinus were 0.75 and 0.421 lg g -1 . Significant correlation between heavy metal concentration in sediment and fish may be related to high variability of heavy metal in the sediment.
Introduction
Some of these elements such as mercury have no known role in biological systems. It is natural trace component of the aquatic environment, but its levels have increased due to industrial, agricultural, and mining activities. Even low metal concentrations may threaten the health of aquatic and terrestrial organisms, man included . Mercury is an element of special concern because its inorganic form is biologically transformed in aquatic environments into methyl mercury (MeHg), a lipophilic organic compound that bioaccumulates and biomagnifies as it moves up the aquatic food chain (Abdolahpur Monikh et al. 2012) . As a result, human populations with a traditionally elevated dietary intake have the highest potential exposure to MeHg and are at an increased risk for developing neurotoxic effects.
The toxic metal such as mercury that contaminates river, stream, and wetlands only accumulates in fish after it has been converted to the chemical compound methylmercury. Other forms of mercury do not magnify in concentration up the food chain. Methyl mercury is created by bacteria in highly organic portions of aquatic systems, such as the sediment of river and wetlands. The zooplanktons pick up the methylmercury as they filter the water and feed on algae. When small fish eat zooplankton, the methylmercury builds up in their bodies as the fish grow bigger and older. Small fish are eaten by larger fish, and the concentration of methylmercury increases at each step in the aquatic food chain. It is highest in large walleye, northern pike, and other predatory fish. It's the methylmercury in these fish that poses the greatest threat to human health. Fetuses, people who rely on fish for much of their diet are most at risk from methylmercury, which can hamper normal development of the central nervous system (Beltrame and Marco 2010; Hosseini et al. 2013) .
Fish, which usually occupies the last levels of aquatic food chains, are considered as the main aquatic pathway for metals to be transferred into human body (Svensson et al. 1992) . Biological and ecological factors such as ecological needs, habitat, feeding habits have significant influences on metals bioaccumulation, bioavailability and, therefore, on their transference (Bustamante et al. 2003) . However, feeding habit plays a significant role in the accumulation of pollutants in organism's tissues (Svensson et al. 1992) .
The Persian Gulf is a shallow and semi-enclosed sea that its environment is changing rapidly (Sheppard et al. 2010) . The discovery of oil in this sea led to a massive increase in anthropogenic activities in the area. For instance, this sea has about 800 offshore oil platforms and tolerates the traffic of about 25,000 oil tankers each year. National Research Council in 1985 estimated that oil pollution in the Persian Gulf is 4.7 % of the whole oil pollution in the world . Musa estuary, one of the biggest estuaries in the Persian Gulf, is the most important fisheries resource for people of Mahshahr, Sarbandar, and Hendijan cities. Musa estuary is surrounded by more than 19 petrochemical units such as chlor-alkali plant and superphosphate plant. Therefore, this area is at a serious risk of mercury pollution. This study was to determine the levels of mercury and methyl mercury in the sediment and two fish species in Musa estuary, south Iran.
Materials and methods
Sampling was along the Musa estuary, north part of the Persian Gulf (Fig. 1) . Surface sediments were collected by Van Veen Grab in October of 2011. Subsamples were taken from the uppermost layer of the sediment taking care to minimize contamination. The samples were frozen after collection and later thawed, dried at 50-60°C in an oven and disaggregated in an agate mortar, before chemical treatment for total metal analysis. For each sample, a known quantity (1 g) of sediment was digested with a solution of concentrated HClO 4 (2 ml) and HF (10 ml) to near dryness. Subsequently, a second addition of HClO 4 (1 ml) and HF (10 ml) was made and the mixture was evaporated to near dryness. Finally, HClO 4 (1 ml) alone was added and the sample was evaporated until white fumes appeared. The residue was dissolved in concentrated HCl and diluted to 25 ml (Pirrone et al. 2001; Hosseini et al. 2013) .
Two fish species (Barbus Grypus and Barbus esocinus) were caught in October of 2011 (Table 1 ). The samples placed on ice, immediately transported to the laboratory on the same day and stored at -20°C until analysis (Pirrone et al. 2001 ). For analysis, gill, muscle, and liver of each fish were dissected, freeze-dried, and crushed to uniform particle size. It was then drained under folds of filter, weighed, wrapped in aluminum foil and then frozen at 10°C prior to analysis. The tissues were placed in clean watch glasses and were oven dried at 105°C for 1 h and later cooled in the desiccators. To determine the content of mercury, the samples (wet weight) was digested in amixture of 6 ml concentrated HNO 3 and 2 ml H 2 O 2 in microwave digestion system. Digested samples were subsequently diluted in 10 ml deionized water. Mercury was determined by the cold vapor technique, using an atomic absorption spectrometer (Unicam model 919). Blank samples were also processed to avoid possible contamination during the analysis. Standard reference material DORM 2 (National Research Council of Canada: dogfish muscle) was used to check the accuracy and precision of analytical procedures. Percent recovery means was105 %.
One-way analysis of variance (ANOVA) followed by Duncan post hoc test were used to compare the concentration of mercury and methyl mercury between species and fish tissues. The comparisons of mercury concentration between muscle, gill, and liver of fish species were carried out by t test. Table 1 shows scientific name, trophic level, sex, and mean body weight for the species of fish samples. All concentrations are reported in microgram per gram dry weight and a probability of p = 0.05 was set to indicate statistical significance.
Results

Total mercury and methyl mercury in sediment
Levels of mercury and methyl mercury in sediment samples collected from Musa estuary are given in Table 2 . Total mercury in sediment varied from 0.09 to 1.92 lg g Total mercury in fish tissues Levels of mercury in liver tissue varied from 0.18 to 2.84 lg g -1 , with average of 1.62 lg g -1 , while concentrations in the gill varied from 0.12 to 1.56 lg g -1 , with average of 0.93 lg g -1 , while concentrations in the muscle varied from 0.13 to 1.01 lg g -1 , with average of 0.57 lg g -1 for B. grypus. Levels of mercury in liver tissue varied from 0.08 to 1.67 lg g -1 , with average of 1.05 lg g -1 , while concentrations in the gill varied from 0.07 to 1.14 lg g -1 , with average of 0.62 lg g -1 , while concentrations in the muscle varied from 0.04 to 0.93 lg g -1 , with average of 0.28 lg g -1 for B. esocinus. 
Discussion
Pollutants in sediment
Mercury can enter the aquatic environment from a number of sources including hazardous substance spills from various refineries, petrochemical, and oil industries (Abdolahpur Monikh et al., 2012) . Musa estuary is surrounded by more than 19 petrochemical units such as chlor-alkali plant and superphosphate plant. Besides, some main creeks of this estuary flow into two crowded and industrialized cities and consequently receive huge amounts of domestic effluents and urban wastewaters (Abdolahpur Monikh et al. 2012) . The Musa estuary is the nearest creek to Mahshahr City, petrochemical units, and constructions of PETZONE (Mooraki et al. 2009 ). In addition, Imam Port that is one of the biggest ports in Iran is located in the mouth of this estuary. Therefore, Musa estuary receives mercury from the different types of surrounding areas (Abdolahpur Monikh et al. 2013; Hosseini et al. 2013 ).
Pollutants in fish
During current study, mercury concentrations in tested tissues of all the fishes decreased in order liver [ -gill [ muscle (Fig. 2) . Some tissues such as liver are considered as target organs for metals accumulation (Yi et al. 2008) . The very high levels pollutants in the liver fish species in comparison to other tissues may be related to the content of metallothionein protein in liver. Metallothionein protein that plays a significant role in the regulation and detoxification of metal is produced in high levels in liver tissue (Pourang et al. 2005) . This protein contains a high percentage of amino group, nitrogen, and sulfur that sequester metals in stable complexes (Pourang et al. 2005; Yi et al. 2008) . In other studies, the comparison on metals accumulation between all tissues fish show that bioaccumulation of metals was more in liver than other tissues (Sheppard et al. 2010; Abdolahpur Monikh et al. 2013; Hosseini et al. 2013) . Gills usually reflect the concentrations of metals in surrounding water (Abdolahpur Monikh et al. 2013 ). This organ is directly in contact with water and suspended materials, thus could absorb different substances from the surrounding environment. They also serve a variety of physiological functions such as osmoregulation and gas exchange. Due to these functions, gills have remarkable influences on the exchange of toxic metals between a fish and its environment (Farkas et al. 2003) .
The result also showed that there are differences in mercury and methyl mercury concentration in the different species. The difference of metal level in species can reflect differences in tropic level, habitat condition, and feeding behavior (Cheng et al. 2011; Burger et al. 2005) . The difference in studied species was certainly caused by habitat condition and habitat. B. Grypus lives in close association with sediment and feeds mainly upon benthic organism. Higher mercury and methyl mercury level in B. grypus can refer to habitat condition as a sedimentary fish because sediment accumulated more mercury and benthic organism linked to mercury exposure (Abdolahpur Monikh et al. 2013) .
The concentration of mercury and methyl mercury in the pelagic fish, B. esocinus may be related to crustaceans eating habits of the fish. The diet of B. esocinus consists of shrimp and lobster. Mercury can readily accumulate within crustacean tissues at much higher levels and transfer to top predators that feed them (Farkas et al. 2003; Abdolahpur Monikh et al. 2013) .
The level of total mercury and methyl mercury in two species correlates positively with length and weight. The average size and weight in females were higher than those in male species. Therefore, we found that higher pollutant levels were in tissues of female species, because female species were both longer and heavier than male fishes. Since larger fishes generally exhibit higher contaminant levels in their bodies (Agah et al. 2006; Abdolahpur Monikh et al. 2012 ) and fishes that eat higher organisms also accumulate more contaminants when comparing to fishes that eat a range of different foods or eat smaller organisms (Storelli et al. 2007 ). The larger fish specimens have been exposed a longer time compared to smaller and thus bioaccumulated higher mercury concentrations. Larger specimens are also more dependent to bed (benthic) and less to surface (pelagic) in comparison to smaller specimens and thus are longer present in polluted sediment (Storelli et al. 2007; Hosseini et al. 2013) .
Correlation between pollutants' concentrations in fish tissues
Significant correlation between mercury and methyl mercury concentrations reflect beginning the detoxification process and proceeding of Hg-MeHg complex, detoxification process is under the influence of species type, tissue properties, chemical form of methyl mercury and mercury, and the exact mechanism are not apparent (Pirrone et al. 2001; Cheng et al. 2011) . Positive correlation was found between the two pollutants in both species and highest correlation was in liver of B. grypus (Fig. 3) . But this correlation was not statistically significant in both species. Correlation between fish and sediment No significant correlation was found between metal concentrations in sediment and fish tissues (p [ 0.05). It is suggested that the lack of significant correlation between metal concentration in sediment and fish tissues may be related to low variability between metal levels in the sediment of different stations. Therefore, we can argue that, in spite of being demersal species, B. esocinus and B. grypus could not be considered as suitable biomonitor agents for heavy metal contamination in the study area.
Conclusion
The results showed that the accumulation of mercury and methyl mercury varied among species, sex, and tissues. However, the two fish species from Musa estuary showed relatively high metal concentration in their liver tissues, but the concentration of pollutants in their muscle was below the dangerous limits proposed by FAO, WHO, and EC. Our result confirmed that feeding modes play basic and significant role in the control of metal accumulation.
